The appearance of engineers with special training in biology has occurred only in the past fifteen years, and the spectacular contributions they can make to patient care have been confined mainly to the years since solid-state electronic cirwitry became available. It is timely to review the relationships between them and the clinicians, and to indicate the growing interdependence they have on each other.
When confronted with a clinical problem the doctor is firstly an observer and recorder. From his observations he then makes a diagnosis, plans a programme of treatment and then observes the patient's response to his treatment.
\Vhen changes in observations occur quickly he can record only a sample because his speed of observation is limited. On the other hand, when change occurs slowly he finds himself limited in his capacity to recall data and detect trends. Furthermore, when he is tired or distracted his accuracy of observation will fall. These limitations put him at a disadvantage in several situations: firstly in the intensive care ward where he may be treating patients acutely ill with heart disease, multiple injuries or severe disturbances of lung function; secondly, in observing patients during and after anaesthesia; thirdly, when he is called on to make a precise assessment of disturbances of circulation, respiration, muscle or brain function.
* This paper was delivered to a symposium entitled "The Electrical Engineer in Biology and Medicine" conducted in the Department of Electrical Engineering, Caulfi.eld Institute of Technology, :l3rd-24th April, 1974. These limitations lead the clinician to seek the biomedical engineer's advice on methods of measuring, recording and displaying data derived from vital functions. In the measuring of clinical changes it may be necessary to select transducers to convert signals arising at rates from zero to 1,000 hertz, and the variety of transducers now available makes their selection a forbidding task without expert guidance. The engineer has the task of matching the clinical signal to a recording machine so that no distortion or falsification arises which may mislead the clinician. An example of an error from this source arose during laboratory development of a cardiopulmonary bypass apparatus.
The arterial pressure transducer had a length of soft rubber tubing attached to the arterial pressure line for the purpose of removing air from the liquid system. The rubber was readily distensible and damped the pressure changes so that the arterial peak pressure appeared about 20 mmHg below its true value. An error of this sort in a diagnostic catheter study could lead to a misdiagnosis.
Having recorded the data the doctor may next ask the engineer to display it for clinical use. The engineer again has a wide series of methods available, from a simple meter, through digital or oscilloscope display, up to a printed chart. With the increasing sophistication available from direct or data-processed display, the engineer will be increasingly necessary to discuss Anaesthesia and Intensive Care, Vol. III, No. 1, February, 1975 the possibilities and ensure that the best solution is provided for the clinician's questions. In particular, a continually up-dated historical record will be possible; either long-term as in temperature variations, or short-term as in the pulse rate over the past few minutes. With aids such as these the engineer can help the doctor to increase his efficiency, both in the immediate management of the patient and in the cumulative review of many patients. This type of clinical quality control has so far been only imperfectly available, and then at a great cost of time spent in collating records which are themselves imperfect.
Perhaps the most immediately useful aids the engineer can offer in data handling are true clinical monitors, devices that can ceaselessly observe clinical signs and give a warning when pre-set limits are exceeded. For example, a rise in temperature during general anaesthesia is most important and an early warning to the anaesthetist may save the patient's life. The engineer can also devise a feed-back loop such as a device for adding oxygen to an anaesthetic mixture as well as sounding an alarm if the oxygen percentage falls below a safe level. In a longer-term observation such as the detection of arrhythmias for some days after a myocardial infarct this uninterrupted vigilance has great advantages. In the recording, storage and display of data the engineer has thus an advisory role to the doctor, followed up by action which results in equipment which is appropriate to the purpose and reliable.
A second common ground for the engineer and the doctor is in protecting the patient from injury due to electrical shock or malfunction of equipment. The doctor and his clinical staff use many electrically operated devices, and the principles of safer use need to be regularly stated. The hazards of macroelectrocution from current applied to the body, and microelectrocution from current applied directly to the myocardium via conducting catheters have become increasingly recognized and need to be understood by the clinical staff. For example, a breakdown in liaison between the engineer and doctor led to an injury when using a conventional E.C.G. monitor. The monitor would not work during the operation, and the patient was later found to have a burn where one of the E.c.G. leads was attached. It was suspected that the diathermy earth return had failed, with the diathermy circuit being completed by the E.C.G. lead. However, it was ultimately found that the E.C.G. monitor had two identical sockets, one for the monitoring leads and the other for an auxiliary power output. The latter had been inadvertently connected, causing the burn. It seems most likely that this situation would never have arisen had the doctors involved had the advice of a biomedical engineer in the selection of the monitor and the instructions for its use. The third common point of interest between the doctor and engineer is in the design of equipment. The doctor will be able to specify what his needs are, and the engineer can adapt his design accordingly. For example, does the equipment need to be portable? Should it run from a battery or the mains? Does it need to record a number of variables (E.C.G., E.E.G., pulse, blood pressure) or just one (temperature)? The following experience highlights the remarkable advantages which good planning can provide. A doctor was on the beach when called to a patient who had an obvious circulatory collapse. External cardiac massage and mouth-to-mouth respiration maintained an adequate circulation until the acute care ambulance arrived only a few minutes later. The equipment made available included a battery operated E.C.G. with a bright oscilloscope display which could be "frozen" for closer analysis. The patient's heart was fibrillating. The same equipment also contained a direct current defibrillator, which restored the heart to normal rhythm within seconds. The entire combined unit has enough battery reserve for several attempts at resuscitation, and can be carried quite readily in one hand-surely a tribute to the joint efforts of doctors and biomedical engineers in identifying what is needed and designing equipment which is completely effective when the need arises.
This brief review of the more obvious common interests shared by the doctor and biomedical engineer is intended to indicate how important is the role played by the engineer in the advances of modern medicine, and how much he can contribute to the safety of the patient and the efficiency of the clinician. In anaesthesia with the increasing emphasis on monitoring, these comments are particularly relevant and the encouragement of biomedical engineering by anaesthetists is yet another way in which they have contributed to the general care of patients.
